To compare the effect of hippocampal stimulation on memory consolidation with that of electroconvulsive seizure (ECS) in the rat, one-trial learning of conditioned suppression was examined. The post-training ECS or hippocampal stimulation was given in a familiar licking apparatus (familiar condition) or in a different small box (unfamiliar condition).
Neither hippocampal stimulation nor ECS treatment disrupted the one-trial learning if the treatment was administered in the familiar condition. In contrast, both hippocampal stimulation and ECS had disrupted memory consolidation more severely if the treatment was given in the unfamiliar situation. The results were interpreted as the failure of encoding for an event in a less familiar situation.
The fact that electroconvulsive shock (ECS) disrupts memory consolidation has been confirmed by many studies. It has also been confirmed that a stable and retrievable record of an experience must be consolidated after a trial (McGaugh & Herz, 1972) . In recent studies it has further been shown that electrical stimulation of various structures in the brain can be used to study neural systems related to the memory process (DeVietti & Kirkpatrick, 1977; Hirano, 1965 Hirano, , 1966 Gustafson, Lidsky, & Schwartzbaum, 1975; Kesner. & Conner, 1972 , 1974 Lidsky, Levine, Kreinick, & Schwartzbaum, 1970) . According to these studies, the hippocampal formation as well as the amygdala may be important to the memory process (Kesner & Doty, 1968; Lidsky & Slotnick, 1971; McDonough & Kesner, 1971) . However, there have been few studies comparing the effects of ECS and direct electrical stimulation of a specific area in the same experimental situation. In order to examine whether the interference produced by afterdischarges in specific locus may be a sufficient condition to account for ECS, it would be desirable to compare these treatments with ECS in the same experimental paradigm (Hirano, 1966; Lidsky & Slotnik, 1970) .
The purpose of the experiment reported here was to compare the effect of dorsal hippocampal afterdischarges (HAD) with ECS in order to evaluate the characteristic differences if any. In addition, the present experiment was designed to determine whether the amnesic effect of ECS or HAD depends on the degree of familiarity of the situation in which subjects are given treatment. Misanin (1968, 1969) found that animals were less likely to suffer retrograde amnesia from ECS treatment when they were familiar with the situation. However, this has not been confirmed by other research (Sara & Lefevre, 1973 Request for reprints should be sent to Toshitsugu Hirano, Department of Psychology, Kyoto University, Kyoto, 606 Japan. a view to examine the effect of familiarization upon retrograde amnesia produced by ECS or HAD, an experiment of conditioned emotional response (CER) was conducted and its extinction was tested by a method similar to that of Gustafson, Lidsky, and Schwartzbaum (1975 
Procedures
One day after the determination of the intensity for hippocampal afterdischarges, preliminary training was begun. Control and ECS subjects were run concurrently following the same experimental schedule without the operation. Preliminary training consisted of four 15 min daily sessions. The animals were allowed to lick 16 percent sucrose solution from a drinking tube extended 1 cm into the chamber. During the second day and thereafter, the tip of the tube was positioned even with the outer surface of the apparatus wall. During these preliminary trainings, subjects of ECS and HAD groups were accustomed to the attachment of ear clips and lead cables.
On the fifth day of the session, 3 min after placing the subject in the licking chamber, the CS (1 000 Hz tone, 91 dB) was presented for 30 s to allow for habituation of orienting reactions to the CS. To obtain an individual " base line " licking rate to the CS, if the number of licks was less than 50 in the preceding 30 s CS presentation, the CS presentation was delayed for 30 s.
After preliminary training, groups were formed for one trial CER conditioning treatment. An attempt was made to balance the groups with respect to overall rate of licking and suppression rate produced by the CS presentation.
Group Construction
First, the subjects were divided into two conditions for treatment administered in a familiar situation (FAM) aversive consequences of ECS or HAD. For these animals the footshock was omitted, and the CS was terminated with ECS (CS-ECS group), or HAD (CS-HAD group). The final composition of the groups is summarized in Table 1 .
Retention Test
On the next day of the conditioningtreatment, a retention test was performed for all subjects. The procedure was the same as that for the licking base procedure. The CS was presented for 30 s, 3 min after placing the subject into the licking apparatus, and a total 15 min drinking was allowed. This extinction procedure was repeated for five days.
The number of licks in every 30 s was recorded manually with a digital counter. The reaction to the CS was scored in terms of a suppression ratio, which related the number of licking responses during the 30 s CS to those during the preceding 30 s period. Based on these countings, (PRE-CS)/PRE was estimated as a suppression ratio to the CS. If fewer than 50 licks occurred in the 30 s preceding the CS, the CS presentation was postponed untill the baseline criterion was met.
RESULTS

Behavioral Test
The results in terms of the mean suppression ratio to the CS of Control, ECS, and HAD groups for both FAM and NFAM conditions are shown in Fig. 1 In addition, it must be mentioned that HAD, in the unfamiliar condition, had retarded the development of CER as equally as ECS treatment did. Moreover, the extinction proceeded with various courses for different groups even in a familiar condition. The subjects given ECS immediately after the training trial developed rapid extinction, while subjects given ECS 30 s after the trial showed delayed extinction as similar as the Control,
Experimental Control
Results of other experimental control groups are summarized in Table 2 , with that of Control group as a reference, in terms of mean suppression ratios estimated from Extinction I to 5, with their ranges. As shown in Table 2 , first of all, ECS or HAD per se had no apparent aversive effect. Pairing of the CS with ECS or HAD in the absence of the US produced no appreciable suppression in the course of extinction session thereafter.
Habituation to the CS is apparently seen in the CS group, as shown in Table  2 , in contrast to the result of CS-US Control group. Test of sensitization in which footshock was given without CS pairing (US-group) indicated that the conditioning of CS-US pairing (Control) in fact seems to represent effective conditioning. However, since the result of US group showed a large variability presumedly due to small number of animals, it remains to be solved to reach a firm conclusion in this respect.
Hippocampal Afterdischarges
Afterdischarges evoked by dorsal hippocampal stimulation are illustrated in Fig. 3 , with simultaneous recordings from left and right cortex. Immediately after the stimulation, hippocampal afterdischarges of 3.5-4.5 Hz appeared in dorsal hippocampus and cortex bilaterally through volume conduction. Since the cortical electrodes were located at the position straddling over the hippocampal formation, the spread of the discharges to the contralateral hippocampus is inferred from the EEG recordings shown in Fig. 3 .
Electrodes placement in animals of HAD group were moderately consistent in location. The tips of the electrodes were found to lie superior to the dentate region within the dorsal hippocampus. A sample of electrode placement is shown in Fig. 4 Gustafson, Lidsky, and Schwartzbaum (1975) . There was a difference, however, between immediate ECS and HAD in the present experiment in respect to the extinction process. Immediate ECS given after a training showed faster extinction than the treatment of HAD even in the same FAM condition. This faster extinction of suppression in immediate ECS might arise from a degraded memory trace formed during the CER conditioning with posttrial treatment. It corresponds to the observed fact during the extinction session that the subjects with ECS application started licking sooner than the termination of the CS. It must be mentioned, however, that ECS given 30 s after the training did not show such a fast extinction. This difference seems to reflect a gradient of trial-treatment interval similar to the results obtained by Chorover and Schiller (1965) .
The hippocampal stimulation given immediately after a trial in the FAM condi- tion did not disrupt the consolidation in terms of the suppression ratio. This result contradicts the findings reported by McDonough and Kesner (1971) or Lidsky and Slotnick (1971) which showed positive amnesic effects by hippocampal stimulation. It might be related to the procedure that the subjects in the present experiment were given unilateral hippocampal stimulation. As indicated by Lidsky and Slotnick (1971) , bilateral stimulation caused more amnesic effects than unilateral one. However, Gustafson, Lidsky, and Schwartzbaum (1975) obtained practically the similar effects for both unilateral and bilateral hippocampal stimulation, to which the present results approximately conformed. As a matter of these discrepancies between various experiments, the degree of familiarity on the task for the subjects must be considered, in addition to several factors on the stimulation such as locations or intensities used (Shinkman & Kaufman, 1972) .
When we compare the results of tests performed 24 h after treatment between FAM and NFAM conditions, a retrograde amnesic effect was less evident in the FAM condition. This results agrees with previous studies by Misanin (1968, 1969) that showed differential effects of ECS depending on the familiarity. The more notable effect found in the present study was that almost no suppression to the CS was found in HAD as well as ECS if the treatment was given in an unfamiliar situation, in contrast with a suppression shown by the Control. This suggests that hippocampal afterdischarges disrupt the consolidation of CS-US contingency if given in an unfamiliar situation to the same extent of ECS treatment. Thus, the effect of hippocampal stimulation is functionally dependent on an environmental context..
It is conceivable that more rehearsal is required to record an episodic event in an unfamiliar situation than in a familiar one, in a similar meaning that was demonstrated by Wagner, Ruddy, and Whitlow (1973) . The hippocampal stimulation immediately after a trial might disrupt this rehearsal process, thus producing amnesic effect. Since the hippocampal stimulation might not have long lasting effect up to 24 h, and further, no memory deficits were found if it was given in a familiar situation, the results in the present experiment suggest a failure of encoding process with hippocampal stimulation in an unfamiliar situation.
